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LIQUID CRYSTAL DISPLAY WITH MIXED 
POLARIZERS FOR HIGH TEMPERATURE 

OPERATIONS 

BACKGROUND OF THE INVENTION 

The present invention relates to display devices. In par 
ticular, the present invention relates to liquid crystal displays 
having a input polarizer and an output polarizer, and Which 
have an extended high temperature operating range. 
A liquid crystal display typically includes a light source, 

an input polarizer, a liquid crystal module, and an output 
polarizer. Light from the light source travels to the input 
polarizer, Which polarizes the light. The polarized light then 
travels from the input polarizer to the liquid crystal module. 
A liquid crystal module includes liquid crystal composi 

tions contained betWeen tWo substrates. As polarized light 
passes through the liquid crystal composition, the liquid 
crystal molecules gradually change the light’s plane of 
vibration to match the angle of the liquid crystal. When the 
light reaches the exit side of the liquid crystal module, it Will 
vibrate at the same angle as the molecules of the liquid 
crystal. 

Liquid crystal modules operate through the use of matrix 
arrays of circuits. These matrix arrays alloW control over the 
angle of the liquid crystal molecules at various locations 
along the array. There are many different variations of matrix 
arrays. A very ef?cient and Widely used form is found in 
active matrix displays. Active matrix displays incorporate 
matrix arrays containing thin ?lm transistors located at each 
array intersection. Thin ?lm transistors are switching ele 
ments that alloW distinct control over individual pixels in the 
matrix. When a particular pixel is to be manipulated, the roW 
Where the pixel is located is turned on and a voltage is 
applied to the column Where it is located. Because all of the 
other roWs Were turned o?‘, only the given roW that is turned 
on receives the voltage. When the voltage is received by a 
certain pixel, the liquid crystal molecules change their tWist 
angles in proportion to the voltage and modify the plane of 
vibration of the incoming light. The light then travels to the 
output polarizer, Whose polarization direction is oriented at 
90° to the input polarizer. Based on the angle of rotation of 
the light polarization While passing though the liquid crystal 
module, a percentage of the polarized light Will pass through 
the output polarizer. 

Because of the need for optimal polarization to obtain an 
effective liquid crystal display, high ef?ciency of the input 
and output polarizers is required. Polarizers absorb part of 
the light transmitted through the liquid crystal display. A 
common form of polarizer is a high e?iciency iodine-type 
polarizer, Which is Well knoWn for its excellent optical 
performance. High e?iciency iodine-type polarizers incor 
porate long molecular chains of iodine molecules, Which are 
the mechanism for the light absorption. In addition to the 
iodine molecular chains, iodine-type polarizers are typically 
composed of several polymeric layers that include materials 
such as polyvinyl alcohol (PVA) and cellulose triacetate 
(CTA). The CTA is used on both sides of the PVA layer to 
protect the iodine molecules in the PVA layer against deg 
radation from exposure to moisture. For special applications, 
additional protection can be provided against more demand 
ing environments. Such additional protection may include 
laminating glass sheets over the CTA layers, in order to 
further encapsulate the polarizer and protect it against envi 
ronmentally caused degradation. Adhesive layers may also 
be incorporated to bind multiple layers together. 
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2 
A common structure of iodine-type polarizer is a ?lm 

polarizer. A ?lm polarizer includes a stretched layer of a 
polymeric substrate, such as polyvinyl alcohol. The poly 
meric substrate such as PVA is stretched along an axis, so 
that the long molecular iodine chains Will align themselves 
on the surface of the PVA in a direction parallel to the 
stretched axis. The iodine molecules are absorbed onto the 
stretched polymeric substrate in the form of long molecular 
chains. These long molecular chains of iodine, that are 
oriented parallel to the stretched axis of the PVA, absorb the 
incoming light that is polarized parallel to the stretched axis. 
The remaining light, that is transmitted through the iodine 
type polarizer, is polarized perpendicular to the direction of 
the stretched axis. 

Despite their excellent optical performance, iodine-type 
polarizers reach a performance limit at about 900 C. Above 
900 C., iodine-type polarizers degrade in optical perfor 
mance, due to a heat driven reaction. Above 900 C., the heat 
can initiate the break up of the long molecular iodine chains 
that provide the means for absorbing polarized light. In this 
process, the polarizer is bleached because it no longer 
absorbs polarized light. One knoWn mechanism for breaking 
the molecular iodine chains is Water absorption. It has been 
hypothesized that the breakdoWn of the iodine molecular 
chains is due to the release of the residual Water molecules 
in the polyvinyl alcohol substrate. 

Avionics is one of the many ?elds that utilize liquid 
crystal displays. Avionics liquid crystal displays have made 
use of high efficiency iodine polarizers for both input and the 
output polarizers. In certain avionics applications, liquid 
crystal displays are directly exposed to sunlight, Which heats 
the front of the display. This creates a thermal gradient from 
the front of the display to the back of the display. As a result 
of this thermal gradient, the temperature of the output 
polarizer that is closest to the front of the display is greater 
than the input polarizer that is closest to the rear of the liquid 
crystal display. The effect of this is the output polarizer 
closest to the front of the display can be exposed to tem 
peratures up to about 110° C., While the input polarizer 
closest to the rear of the liquid crystal display is slightly 
cooler (about 85*90o C.). Therefore, the input iodine type 
polarizer at the rear of the display is capable of high 
performance for a much greater duration than the output 
iodine type polarizer at the front of the display. 

Other high e?iciency polarizers are knoWn Which have 
very good optical performance, but not quite as good as the 
high ef?ciency iodine type polarizers. A polarizer is needed 
that can Withstand high temperatures up to 1100 C. and 
maintain its optical performance Without degradation. This 
high temperature type polarizer Will need to provide optical 
performance comparable to the current high performance 
iodine-type polarizers in terms of transmission and effi 
ciency. An example of a high temperature polarizer is the 
high ef?ciency dye-type polarizer. Dye-type polarizers are 
stable at high temperatures, but have loWer transmission 
compared to iodine type polarizers. For example, currently 
the best iodine type polarizer has a transmission T1:42.7% 
(Nitto EG 1224DU, for example), While currently the best 
dye-type polarizer has a T1:39.7% (Sumitomo ST 1822AP, 
for example). The dye-type polarizer transmits only 93% of 
the polarized light compared With the Nitto iodine-type 
polarizers. Using tWo dye-type polarizers as the input and 
output polarizers in place of iodine type polarizers Would 
reduce the transmission of polarized light through the liquid 
crystal display to about 85% compared With the Nitto 
iodine-type polarizers. Similarly, by using tWo dye-type 
polarizers as the input and output polarizers in the cross 
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con?guration (i.e., polarization directions of the polarizers 
oriented at 90° to one another to maximize the extinction of 
light), the transmission is reduced to 0.02%. With tWo 
crossed iodine polarizers, the transmitted light is reduced to 
0.01%, Which is tWice as good as the tWo crossed dye-type 
polarizers. 

BRIEF SUMMARY OF THE INVENTION 

A liquid crystal display Which is capable of high perfor 
mance despite a thermal gradient produced by direct expo 
sure to sunlight includes an iodine type input polarizer and 
a dye-type or other high temperature-type output polarizer. 
The dye-type polarizer has a higher temperature rating 
compared to the iodine type polarizer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Figure is a block diagram illustrating the liquid 
crystal display of the present invention. 

DETAILED DESCRIPTION 

The Figure illustrates major components of liquid crystal 
display 10, Which provides higher temperature operation in 
applications Where display 10 is directly exposed to sun 
light. Examples of these applications are back-lit cockpit 
displays in aircraft. The exposure to sunlight can create a 
thermal gradient in liquid crystal display 10 from the front 
of the display (closest to the observer) to the back of the 
display (furthest from the observer). 

Liquid crystal display 10 includes a luminaire 12, an 
iodine-type input polarizer 14, a liquid crystal module 16, 
and a dye-type output polarizer 18. Luminaire 12 is a light 
source Which back lights liquid crystal module 16. 

Unpolarized light from luminaire 12 is polarized in a ?rst 
polarization direction by iodine-type input polarizer 14. The 
polarized light passes through liquid crystal module 16 to 
dye-type output polarizer 18. The polarization direction of 
dye-type output polarizer 18 is a second direction Which is 
oriented at 900 to the ?rst polarization direction. In other 
Words, input polarizer 14 and output polarizer 18 are ori 
ented in a crossed polarizer con?guration. 

Liquid crystal module 16 is preferably in an active matrix 
display that has electrodes or sWitching elements Which are 
selectively energized to cause selective rotation of the polar 
ization direction of the light received from input polarizer 14 
on a pixel basis. If the polarized light is rotated at a particular 
pixel, it Will pass through output polarizer 18 to the observer 
and the pixel Will appear to be lit. In those pixels of liquid 
crystal module 16 Where no rotation occurs, the light passing 
through those pixels Will be blocked by output polarizer 18, 
and the pixels Will appear dark. As a result, a display pattern 
of light and dark pixels is created. 

The optical performance of high ef?ciency iodine-type 
polarizers begins to degrade at about 900 C. In contrast, 
dye-type output polarizers have been found to Withstand 
temperatures of up to about 1100 C. Without degrading in 
their optical or mechanical performance. Dye-type polariz 
ers, hoWever, exhibit loWer ef?ciency in that they shoW only 
93% transmission compared With an iodine-type polarizer. 
In addition, tWo crossed dye-type polarizers Will exhibit 
greater transmission (leakage) than tWo crossed iodine 
polarizers. In the present invention, as illustrated in the 
Figure, input polarizer 14 is an iodine type polarizer, While 
output polarizer 18 is a dye-type polarizer. Direct exposure 
to sunlight can create a temperature gradient across liquid 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
crystal display 10 from front to back so that output polarizer 
18 is exposed to temperatures of up to about 1100 C. While 
input polarizer 14 is slightly cooler (about 85*90o C.). 
Under these conditions, iodine-type input polarizer 14 con 
tinues to perform at high ef?ciency, as does dye-type output 
polarizer 18. By using different types of polarizers as shoWn 
in the Figure, the thermal durability of display 10 is 
increased Without a substantial sacri?ce in optical perfor 
mance. 

A dye-type polarizer is used only as output polarizer 18, 
because the high ef?ciency dye-type polarizers have optical 
performance Which is someWhat less than that of high 
ef?ciency iodine type polarizers. Using dye-type polarizers 
for both input polarizer 14 and output polarizer 18 Would 
reduce the transmission of light through display 10 to about 
85% compared With the use of iodine-type polarizers for 
both input polarizer 14 and output polarizer 18. By the use 
of iodine-type input polarizer 14 and dye-type or other high 
temperature output polarizers 18, the transmission is 
improved from only 85% to about 93% transmission com 
pared With using tWo dye-based polarizers. Similarly, the use 
of tWo dye-type polarizers in the cross con?guration reduces 
transmission to 0.02%, compared With tWo crossed iodine 
polarizers that reduce transmitted light doWn to 0.01%i 
Which is tWice as good. By mixing one of each type of 
polarizer as shoWn in the Figure, the cross polarizer trans 
mission is reduced to 0.015%. This is 50% better than using 
tWo dye-type cross polarizers. 
The combination of iodine-type input polarizer 14 located 

at the rear of liquid crystal display 10 and dye-type or other 
high temperature type output polarizer 18 located at the front 
of the display alloWs reasonable optical performance com 
bined With greater high temperature durability than has been 
obtained in the prior art. 

Although the present invention has been described With 
reference to preferred embodiments, Workers skilled in the 
art Will recognize that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A liquid crystal display comprising: 
a luminaire; 
an iodine-type input polarizer for polarizing light from the 

luminaire; 
a liquid crystal module for receiving polarized light from 

the iodine-type input polarizer; and 
a high temperature type output polarizer for receiving 

light from the liquid crystal module. 
2. The liquid crystal display of claim 1, Wherein the input 

iodine-type polarizer is a ?lm polarizer. 
3. The liquid crystal display of claim 1, Wherein the high 

temperature type output polarizer is a ?lm polarizer. 
4. The liquid crystal display of claim 1, Wherein the 

iodine-type input polarizer contains an adhesive layer. 
5. The liquid crystal display of claim 1, Wherein the high 

temperature type output polarizer contains an adhesive layer. 
6. The liquid crystal display of claim 1, Wherein the 

iodine-type input polarizer contains a protective layer. 
7. The liquid crystal display of claim 1, Wherein the high 

temperature type output polarizer contains a protective layer. 
8. The liquid crystal display of claim 1, Wherein the liquid 

crystal module is an active matrix liquid crystal module. 
9. The liquid crystal display of claim 1, Wherein the high 

temperature type output polarizer is a dye-type polarizer. 
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10. The liquid crystal display of claim 1, wherein the high 
temperature type output polariZer contains a protective layer. 

11. A liquid crystal display comprising: 
a liquid crystal module having a front surface and a rear 

surface; 
an iodine-type input polariZer adjacent to the rear surface; 

and 
a dye-type output polariZer adjacent to the front surface. 
12. The liquid crystal display of claim 11, Wherein the 

input iodine-type polariZer is a ?lm polariZer. 
13. The liquid crystal display of claim 11, Wherein the 

high temperature type output polariZer is a ?lm polariZer. 
14. The liquid crystal display of claim 11, Wherein the 

iodine-type input polariZer contains an adhesive layer. 
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15. The liquid crystal display of claim 11, Wherein the 

high temperature type output polariZer contains an adhesive 
layer. 

16. The liquid crystal display of claim 11, Wherein the 
iodine-type input polariZer contains a protective layer. 

17. The liquid crystal display of claim 11, Wherein the 
liquid crystal module is an active matrix liquid crystal 
module. 

18. The liquid crystal display of claim 11, Wherein the 
high temperature type output polariZer is a dye-type polar 
1Zer. 


